Land prices are among the most important parameters of urbanization and have been an important subject of urban geography studies for many years. The relationship between urban geography and land prices was examined in the first established models, which had linear and static structures. In these models, which have a radial form, cities are considered to be commercial centers. However, since the 20th century, it has been accepted that cities have structures without obvious order, consisting of many subsystems related to political, social, and economic life and space. This irregular structure that repeats itself independent of scale has a fractal geometry. Developments in the field of geographic information systems in the last 30 years have provided great convenience in analyzing the structure of cities with fractal dimensions. The geometric shapes of buildings, streets, and blocks that create the physical city form at the same time constitute the urban geometry. This study, which aims to investigate the spatial relationship between urban geometry and land prices, examines the relationship between the fractal dimension values of buildings, streets, blocks, and land prices and whether the factors of population and distance to the center have an impact on this relationship by using geostatistical methods. In this context, the fractal dimension values of urban geometry components were calculated separately in the study area, consisting of 65 neighborhoods. A two-step cluster analysis was used to determine how these obtained fractal values are dispersed geographically within the study area. By measuring the success of clustering through the independent samples t-test, it was decided which data would be used in the regression model in which the relationship between urban geometry and land prices would be established. By using exploratory factor analysis, intercorrelated data to be used in the regression model were eliminated. According to the results of the multivariate regression model, it was revealed that there was a directly proportional relationship between the fractal dimension values of building-block geometry and land prices, and an inversely proportional relationship between the fractal dimension values of street geometry and land prices.
Introduction
Rapid population growth increases the intensity of use of urban areas. Also, a demand for real estate, which is a safe investment due to its high rent return, triggers urban land use and leads to an increase in zoning activities. In addition to environmental, social, and economic changes that may occur after land and parcel arrangement activities, they also affect land prices by causing the shapes of blocks, property/cadastral parcels, buildings, and street networks, which constitute the physical components of the urban texture (in other words, urban geometry), to change. Due to this close relationship between the urban form, which has a scalable structure similar to fractal objects, and real estate prices, the real estate market and urbanization should not be considered separately [1, 2] .
Among the studies carried out to date, there are almost none investigating the relationship between urban geometry and land prices. The static and linear characteristics of the economics-based urban models developed from the 19th century have been insufficient for modeling cities that display dynamic system behavior. In dynamic models developed after the 1950s, urban geometry was focused mainly on comparing urban land use shapes and understanding urban growth forms [8, 16, 17] . In a study carried out by Poudyal et al. (2009) in Roanoke, Virginia, USA, they investigated the effect of open space quality on housing values by calculating fractal values only for open space mean plots, and they revealed the relationships between house prices [20] . There is a close relationship between the urban geometry, which consists of buildings, blocks, and transportation networks, and land prices, and modeling this relationship will help to better understand the urban form.
The main aim of this study is to investigate whether there is any relationship between the FD values of the buildings, streets, and blocks that constitute the urban geometry and the land prices determined by municipalities for tax collection. In this context, the following questions were asked with the help of a geostatistical model:
•
Is there a relationship between the FD values of urban geometry components and land prices? • If so, which FD values of building, street network, and block data can be used to determine this relationship? •
How are the FD values of urban geometry components geographically distributed? • Do the factors of population and distance to the city center have any effect on the calculated FD values and the spatial distribution of land prices?
In this context, the central district of Sivas province, located in Central Anatolia, was selected as the study area. It can be stated that the city center, with a population of more than 300,000, has a complex structure [29] . The administrative boundaries, blocks, street networks, building data, and street-based land prices needed for this study, which was carried out to determine the relationship between urban geometry and land prices, were obtained from Sivas municipality. The population data can be accessed from the official website of the Turkish Statistical Institute (TSI) [30] . By using Fractalyse software, which was developed by the ThéMA research center [31] and is used in many studies around the world [18, [32] [33] [34] , the FD values for buildings, blocks, and street networks in 65 neighborhoods were calculated separately by the grid method. In order to determine how these values are geographically distributed and how they are clustered, a two-step cluster analysis was performed and the independent samples t-test was applied to the obtained results to measure the success of the clustering. Thus, it became possible to compare the variables that were analyzed by the two-step cluster analysis. Furthermore, through this test, the cluster separation of the fractal values of neighborhoods was examined according to population, distance to the center, and real estate values based on the neighborhood, and the cluster profile was determined. Multivariate linear regression analysis was performed to model the relationship between urban geometry and land prices. Since the dependent variables were expected to be normally distributed in the regression analysis, first the land price, which is the dependent variable, was subjected to the normality test. Since it was observed that land prices were not normally distributed as a result of the normality test, they were made suitable for the normal distribution by taking a logarithm. The intercorrelated independent variables were grouped together by exploratory factor analysis (EFA) to acquire uncorrelated independent variables for regression analysis. In the last stage, the model obtained from the multivariate regression analysis was examined in the context of deviations from the assumptions. All of the calculations of these statistical methods were performed using SPSS software. The FD values, which help to interpret the urban geometry, how this value is calculated in urban studies, and the theoretical knowledge about statistics used to investigate the relationship between FD values and land prices, are presented in Section 2. The obtained statistical results are presented in Section 3. In Section 4, the results obtained from the study are discussed by comparing them with studies in the literature, and studies that should be conducted in the future are recommended.
Methodology

Complexity and Fractal Dimension
It is agreed that cities are irregular and complex structures due to their dynamic, nonlinear, self-organizing characteristics [4, 7, 8] . Therefore, a very small change that is unpredictable at the beginning may have an enormous impact in the long term; this concept is called "sensitive dependence on initial conditions" [35] . It is also known as the "butterfly effect" and was introduced by the meteorologist Edward Lorenz.
Cities evolve and adapt to changes in this complexity, and this adaptation is defined as self-organizing [36] . The orders and irregularities in the complex structure cause unexpected behaviors, explained by the term "emergence." In this process, changes that occur in subsystems show their patterns, structures, and entities at the macro level [36, 37] .
The mathematician Benoit Mandelbrot discovered the geometry of complexity. The basic component of this geometry is fractals. The term "fractal" is used to describe, calculate, and think about irregular, segmented, fractured, and discrete shapes, allowing an assessment of the relationship between objects and space by measuring the degree of complexity. This relationship is measured by fractal dimension, which is the main characteristic of fractal geometry, a hierarchical organization of spatially complex systems [38] . The fractal dimension value, which is a rational number between 1 and 2 in a 2-dimensional space, shows the level of complexity. The value indicates low complexity if it is closer to 1 and high complexity if closer to 2. The relationship between similarity and scale is given in Equation (1), where D is the dimension, N is the number of self-similar parts, and r is the scale factor:
Therefore, the FD of an object that is divided into N self-similar parts at ratio r is calculated as the second relation, Equation (2):
Calculation of Fractal Dimension Values in Urban Modeling
It is accepted that the physical urban form does not have a pure fractal structure [39] . Therefore, self-similarity in urban studies should be considered as a continuity in terms of spatial organization and complexity rather than the existence of similar forms on different scales [21, 40] . In urban analysis studies, grid-/box-counting, dilation, radial, and correlation analyses are the four main methods [27] . In practice, the most commonly used method is the grid method [8, 17, 21] . It performs calculation according to the iterative solution principle [32] . Fractalyse software, which was developed by Vuidel et al. and is used in this study, operates according to these principles [18, 32] . A black-and-white raster image file is used as input data. The image base length of this algorithm, of which the working principle is based on the counting of black pixels in each iterative step, is covered with quadratic grids of variable size ε. For each value of ε, starting from 1, it continues in the form of multiples of 2 (1, 2, 4, ..., 2 n ) until it reaches from the center of the image to the box size (maximum number of parameters), which fully covers black pixels, and thus the total number of all grids N(ε) is obtained [27, 41] . In this way, a Cartesian graph, on which the y-axis is the total number of boxes N(ε) and the x-axis is ε (the base length of the quadratic grids), and is called the N(ε) empirical curve, is obtained [39] . The theoretical fractal relationship with the empirical curve of pure nonfractal urban texture is established with Equation (3) [39] :
The value a in Equation (3) is called the prefactor, which generalizes the possible deviations from the fractal rule; a is equal to 1, except in some special cases. The value c corresponds to the starting point on the y-axis of the empirical curve graph, and c is equal to zero [32] .
Each urban texture exhibits fractal behavior that has a different nonlinear distribution, therefore the linear logarithmic regression correlation, Equation (4), is used to determine the most appropriate function for the empirical curve in each case [39] :
Modeling the Relationship between Urban Geometry and Land Prices
In accordance with the aim of the study, 65 neighborhoods in the central district of Sivas province, where the city has a complex structure [29, 41] , form the study area. The population of the central district of Sivas, the second largest province in Turkey in area, is 348,683 people, according to TSI data for 2018 [30] . According to the zoning plan revised in 2015, there are 65 neighborhoods within the municipal administrative borders. In line with the purpose of the study, street-based land prices were provided by the municipality of Sivas, and building, transportation network, block, and neighborhood administrative border data from 2018 were obtained in the geographic information system (GIS) environment. Furthermore, the Address Based Population Registration System data on a neighborhood basis for 2017 were provided by the TSI official website.
In the study, the fractal dimension values of streets were calculated from the street data produced from street midlines. Because of the different street widths, the geometry of the dataset may not accurately reflect the urban form in some places. For this reason, it is considered that data losses may occur in the calculations according to the grid method due to the probability of gaps in the urban form. In this context, in order to obtain more accurate results for streets with different widths, fractal dimension values of blocks were also calculated.
In order to calculate the FD values of the urban geometry, blocks, buildings, and street networks were created as 8-bit images in tagged image format (TIF) both for the whole city ( Figure 1 ) and for each neighborhood ( Figure 2 ) by using ArcGIS software. Each urban texture exhibits fractal behavior that has a different nonlinear distribution, therefore the linear logarithmic regression correlation, Equation (4), is used to determine the most appropriate function for the empirical curve in each case [39] :
In order to calculate the FD values of the urban geometry, blocks, buildings, and street networks were created as 8-bit images in tagged image format (TIF) both for the whole city ( Figure 1 ) and for each neighborhood (Figure 2 ) by using ArcGIS software. The FD values of buildings, blocks, and street networks were calculated from these images according to the grid method. For each neighborhood, the maximum box size of 3 separate data groups was taken as 2 11 (=2048) pixels, and the FD values were calculated according to Equation (4).
The FD values of 2-dimensional urban texture vary between 1 and 2. In order to determine how these values were distributed through the city, clustering analysis was performed. The 2-step cluster analysis method was used because it was unknown how many clusters the FD values would be divided into. In this way, the number of clusters was determined automatically. In this method, the process was carried out in 2 stages: preclustering and clustering. The preclustering process was performed according to the Balanced Iterative Reducing and Clustering using Hierarchies (BIRCH) algorithm, which uses a modified cluster feature (CF) tree consisting of leaf node levels [42] . Nodes in the CF leaves represent final subclusters for each piece of data. Data that do not belong to any subcluster are quickly redirected to a new leaf node. Sequential records try to find the closest subcluster starting from the root node. When a leaf reaches the node, it finds the closest subcluster to itself. This node is divided into two nodes if there is no room for new data in the leaf node. When the CF tree reaches the maximum size, a new CF tree is created by increasing the threshold distance criteria. This process continues until the data migration is completed.
In the preclustering stage, it is decided, according to the distance criterion, whether the data will be combined with previously created clusters or added to a new cluster by being separating into subclusters. The distances between clusters are calculated according to log-likelihood or Euclidean distance. Which of these two criteria will be selected changes according to the characteristics of the data. In calculations according to the log-likelihood algorithm, it is required that the variables are independent of each other. Moreover, the variables must be normally distributed if they are continuous, and multinomially distributed if they are categorical [43] . If all variables are continuous, Euclidian distance is used [44] , and thus the data are collected in the cluster that has the closest Euclidean distance. Since the FD values calculated in the study are independent variables, the log-likelihood distance was used in the preclustering stage.
The data allocated to the subclusters during the preclustering stage were grouped according to the automatic clustering method because the number of clusters was unknown. Since the number of subclusters is much less than the number of pieces of data, traditional clustering methods can be effectively used. The 2-step clustering algorithm uses the agglomerative hierarchical clustering method, which operates in harmony with the auto-clustering method. The hierarchical clustering method is a process by which clusters are combined by making iterative calculations. As a result of the process, a single cluster containing all data was obtained. First, a start cluster is defined for each subcluster produced in the preclustering stage. Then, by comparing all the clusters, the nearest pair of clusters is selected according to the distance criterion, and these clusters are combined. This process continues until a single cluster is obtained at the end [45] .
In the auto-clustering method, Schwarz's Bayesian criterion (BIC) or the Akaike information criterion (AIC) is used as the clustering criterion in order to determine which cluster number is the best. Since the BIC is used to select the model with the smallest dimensions [46] , in order to calculate how many clusters the FD values should be separated into, the BIC is preferred. The clustering quality is controlled by the silhouette measure of cohesion and separation test.
The spatial distribution of FD values was divided into 2 clusters as a result of the 2-step cluster analysis. The independent samples t-test was used to answer the question of whether there is any effect of the factors of population and distance to the city center on the calculated FD values and the spatial distribution of land prices. The answer to this question both showed the success of the 2-step cluster analysis, which was performed to group the neighborhoods according to FD values, and helped to decide which variables would be used in the regression analysis to determine the relationship between FD values and land prices.
The independent samples t-test, which is a member of the t-test family, is frequently used, especially in social sciences. In this test, which controls whether the difference between the means of two independent groups is significant or not, there are two hypotheses. According to the first hypothesis (H 0 ), there is no significant difference between the first and second cluster in terms of the means of population, land prices, and distance to the center; in other words, it is assumed that the variances of variables are equal and the significance level (p) in the independent test table is higher than 0.05. According to the second hypothesis (H 1 ), there is a significant difference between the means; in other words, the variances of variables are assumed to be not equal, and p is less than 0.05.
According to the results of both tests, it was decided that using the average land prices on a neighborhood basis would be more appropriate for multivariate linear regression analysis. The independent variables of the regression analysis were the calculated FD values of buildings, blocks, and street networks, and the average land prices were defined as the dependent variables. For this purpose, average land prices with nonnormal distribution were linearized by taking their logarithm. All variables were evaluated in a single step, and it was checked whether there was multicollinearity or not. In the regression models, it is desirable that there is no multicollinearity, therefore the value of the variation inflation factor should not be higher than 10 [47] . Furthermore, the effect of any of the independent variables on the dependent variable was investigated with the F test (analysis of variance, ANOVA), and whether there was a correlation between the dependent and independent variables was investigated by the Durbin-Watson (DW) test. Because the DW value indicated that the variables had a correlation, EFA was used to group together intercorrelated independent variables. In order to use EFA, the Kaiser-Meyer-Olkin (KMO) and Bartlett's test significance level values should be calculated to determine the sample adequacy. By utilizing the established regression model, the relationships between FD values, which are a component of urban geometry, and average land prices were determined. Figure 3 presents the workflow diagram of the working methodology. means of population, land prices, and distance to the center; in other words, it is assumed that the variances of variables are equal and the significance level (p) in the independent test table is higher than 0.05. According to the second hypothesis (H1), there is a significant difference between the means; in other words, the variances of variables are assumed to be not equal, and p is less than 0.05. According to the results of both tests, it was decided that using the average land prices on a neighborhood basis would be more appropriate for multivariate linear regression analysis. The independent variables of the regression analysis were the calculated FD values of buildings, blocks, and street networks, and the average land prices were defined as the dependent variables. For this purpose, average land prices with nonnormal distribution were linearized by taking their logarithm. All variables were evaluated in a single step, and it was checked whether there was multicollinearity or not. In the regression models, it is desirable that there is no multicollinearity, therefore the value of the variation inflation factor should not be higher than 10 [47] . Furthermore, the effect of any of the independent variables on the dependent variable was investigated with the F test (analysis of variance, ANOVA), and whether there was a correlation between the dependent and independent variables was investigated by the Durbin-Watson (DW) test. Because the DW value indicated that the variables had a correlation, EFA was used to group together intercorrelated independent variables. In order to use EFA, the Kaiser-Meyer-Olkin (KMO) and Bartlett's test significance level values should be calculated to determine the sample adequacy. By utilizing the established regression model, the relationships between FD values, which are a component of urban geometry, and average land prices were determined. Figure 3 presents the workflow diagram of the working methodology. 
Results
The following section provides the FD analysis of the relationship between urban geometry and land prices in 65 neighborhoods in the central district of Sivas province, and the obtained results. In this context, first, distances from neighborhoods to the city center were calculated by determining the polygon centers of administrative boundary data obtained from Sivas municipality in the GIS environment. The average distance of all neighborhoods to the center is 2.3 km, and according to the buffer analysis with a 2.3 km radius, which was performed considering the population density data of the neighborhoods used in the zoning plan and accepting the city center as the origin, approximately 60% of the high-population-density neighborhoods are located in these regions, and they are the regions with the highest land prices (Figures 4 and 5) . 
The following section provides the FD analysis of the relationship between urban geometry and land prices in 65 neighborhoods in the central district of Sivas province, and the obtained results. In this context, first, distances from neighborhoods to the city center were calculated by determining the polygon centers of administrative boundary data obtained from Sivas municipality in the GIS environment. The average distance of all neighborhoods to the center is 2.3 km, and according to the buffer analysis with a 2.3 km radius, which was performed considering the population density data of the neighborhoods used in the zoning plan and accepting the city center as the origin, approximately 60% of the high-population-density neighborhoods are located in these regions, and they are the regions with the highest land prices (Figures 4 and 5) . Afterwards, three 8-bit datasets with TIF extension, representing buildings, street networks, and blocks, were created separately for each neighborhood, and their FD values were calculated (shown in Appendix A). In the whole city, the FD values of buildings, streets, and blocks are 1.571, 1.619, and 1.787, respectively. As a result of the calculations, FD values change between 1.054 and 1.749 for buildings, between 1.526 and 1.838 for blocks, and between 1.181 and 1.481 for street networks. While the FD values of buildings and streets, in particular, are higher in the regions close to the city center, they decrease moving away from the center (Figure 6 ). Afterwards, three 8-bit datasets with TIF extension, representing buildings, street networks, and blocks, were created separately for each neighborhood, and their FD values were calculated (shown in Appendix A). In the whole city, the FD values of buildings, streets, and blocks are 1.571, 1.619, and 1.787, respectively. As a result of the calculations, FD values change between 1.054 and 1.749 for buildings, between 1.526 and 1.838 for blocks, and between 1.181 and 1.481 for street networks. While the FD values of buildings and streets, in particular, are higher in the regions close to the city center, they decrease moving away from the center (Figure 6 ). Afterwards, three 8-bit datasets with TIF extension, representing buildings, street networks, and blocks, were created separately for each neighborhood, and their FD values were calculated (shown in Appendix A). In the whole city, the FD values of buildings, streets, and blocks are 1.571, 1.619, and 1.787, respectively. As a result of the calculations, FD values change between 1.054 and 1.749 for buildings, between 1.526 and 1.838 for blocks, and between 1.181 and 1.481 for street networks. While the FD values of buildings and streets, in particular, are higher in the regions close to the city center, they decrease moving away from the center ( Figure 6 ). Since the number of classes was not known before, two-step cluster analysis was used to find out how the FD values of neighborhoods were grouped. According to the clustering results, while a complexity level of approximately 25% of the neighborhoods in the study area was interpreted as low, the ratio of those interpreted as high is about 75% ( Table 1) . These calculated values are consistent with the results of the analysis of population density and distance to the center (Figure 7 ). Figure 7 presents the geographic distribution of the clustering of FD values. While neighborhoods with high complexity are clustered in the city center, 16 neighborhoods with low complexity are located in periurban areas.
The silhouette measure of cohesion and separation value, which is used in the measurement of clustering quality, was calculated to be more than 0.5, and this shows that the clustering process was successful [48] . Although this value indicates that the clustering process was sufficient, the two-step cluster analysis was reevaluated using the independent samples t-test. In this way, the cluster separation of three FD values of the neighborhoods was examined according to population, distance to the center, and land prices. Thus, it was decided which data would be more suitable to use in the multivariate linear regression analysis, which was performed to model the relationship between urban geometry and land prices. Since the number of classes was not known before, two-step cluster analysis was used to find out how the FD values of neighborhoods were grouped. According to the clustering results, while a complexity level of approximately 25% of the neighborhoods in the study area was interpreted as low, the ratio of those interpreted as high is about 75% ( Table 1) . These calculated values are consistent with the results of the analysis of population density and distance to the center (Figure 7 ). Figure 7 presents the geographic distribution of the clustering of FD values. While neighborhoods with high complexity are clustered in the city center, 16 neighborhoods with low complexity are located in periurban areas.
The silhouette measure of cohesion and separation value, which is used in the measurement of clustering quality, was calculated to be more than 0.5, and this shows that the clustering process was successful [48] . Although this value indicates that the clustering process was sufficient, the two-step cluster analysis was reevaluated using the independent samples t-test. In this way, the cluster separation of three FD values of the neighborhoods was examined according to population, distance to the center, and land prices. Thus, it was decided which data would be more suitable to use in the multivariate linear regression analysis, which was performed to model the relationship between urban geometry and land prices. The independent samples t-test was used to determine whether the clusters formed after the two-step cluster were separated or not in terms of population, distance to the center, and land prices (min, max, mean, median). The neighborhood-based min, max, mean, and median values of land prices obtained on a street basis were determined, and the values to be used in multivariate regression analysis were decided after the t-test. If cluster 1 is the one with low complexity and cluster 2 is the one with high complexity, the test results are as follows ( Table 2) : For the first and second clusters, the averages of variable values of building FD, block FD, street FD, land price (min), land price (max), land price (mean), land price (median), and distance from city center are different at a confidence level of 99%, since p is less than 0.05. No significant difference was found for the population variable. According to the results of the t-test, the most appropriate variables to establish the regression model were also determined. The FD values of buildings, blocks, and street networks were selected as the independent variables of the model, and land price (mean) was selected as the dependent variable, since it was the most representative. First, the dependent variable with nonnormal The independent samples t-test was used to determine whether the clusters formed after the two-step cluster were separated or not in terms of population, distance to the center, and land prices (min, max, mean, median). The neighborhood-based min, max, mean, and median values of land prices obtained on a street basis were determined, and the values to be used in multivariate regression analysis were decided after the t-test. If cluster 1 is the one with low complexity and cluster 2 is the one with high complexity, the test results are as follows ( Table 2) : For the first and second clusters, the averages of variable values of building FD, block FD, street FD, land price (min), land price (max), land price (mean), land price (median), and distance from city center are different at a confidence level of 99%, since p is less than 0.05. No significant difference was found for the population variable. According to the results of the t-test, the most appropriate variables to establish the regression model were also determined. The FD values of buildings, blocks, and street networks were selected as the independent variables of the model, and land price (mean) was selected as the dependent variable, since it was the most representative. First, the dependent variable with nonnormal distribution was linearized by taking its logarithm. In the regression analysis (model 1), it is desirable to have no correlation between dependent and independent variables; therefore, the DW statistics were used to examine the correlations between error terms. This value, which was calculated to be 1.500, is located in the inconclusive region of both the 99% and 95% confidence levels, according to the DW table [49] . This value indicates a correlation between variables. In order to eliminate the correlation, exploratory factor analysis (EFA) was used to group together intercorrelated independent variables. Since the calculated KMO value was greater than 0.45 and the p-value of Barlett's test was less than 0.05, the sample is adequate. As a result of EFA, two separate groups were formed; the building FD and block FD were grouped together, and road was in the second group. After the regression model was reestablished, the DW was executed as 1.577. This value indicates that there was no correlation between the two factors at the 99% confidence level [49] . According to the new regression model results, R 2 was calculated as 0.609, the root mean square error (RMSE) as 0.538, mean absolute percentage error (MAPE) as 8.637, and mean absolute error (MAE) as 0.434 (Table 3 ). In other words, about 61% of the dependent variable land price is explained by the independent variables. The F test was applied to determine the significance of the model, and since p was calculated as 0.000, it was determined that at least one of the independent variables had a significant effect on land prices. In regression analysis, a high correlation, namely, multicollinearity between dependent and independent variables, is not desired. Therefore, VIF values should not be higher than 10 [47] . In this context, the VIF values of the independent variables were calculated (Table 4) , and because they were less than 10, it was determined that there were no multicollinearity problems between the model variables and the regression equation was obtained as Equation (5) . y = 5.126 + 0.621 × (Factor 1) − 0.228 × (Factor 2).
(5) According to the F test, the regression analysis results demonstrate that as the building and block FD factor values increase, average land prices increase at a confidence level of 99%, and as street network FD factor values increase, they decrease at a 99% confidence level.
Discussion and Conclusions
In this study, the complexity of urban geometry was measured by fractal dimension analysis using 1:1000 scaled high-resolution digital zoning maps. The FD values of the shapes of buildings, streets, and blocks, which are physical components of the urban form, were calculated, and the relationships between the obtained values and land prices determined by the municipalities were modeled by using geostatistical methods. In this context, initially the FD values of buildings, streets, and blocks were calculated separately by the grid method, and the values calculated for the entire province of Sivas were 1.571, 1.619, and 1.787, respectively. These results are greater than 1.5 and consistent with the 1.85 value calculated by Kaya and Bolen in 2006 using only the street network [29] . Therefore, it can be stated that the city has a complex structure. The buffer analysis also demonstrated that most urban residents live in neighborhoods located about 2 km from the city center ( Figure 4) , and this provides evidence of the complexity of the city. However, in order to find out whether this result is caused by the effect of the population or by the distance to the city center, first we determined how FD values calculated on the neighborhood basis were distributed geographically by two-step cluster analysis, since it was not known how many clusters there would be initially.
According to the two-step cluster analysis, 49 neighborhoods with a high population density were clustered near the center, and the remaining 16 were clustered in periurban areas (Figure 7) . In neighborhoods with high complexity, the mean FD value was calculated as 1.623 for buildings, 1.751 for blocks, and 1.343 for streets, and these values were 1.303, 1.700, and 1.289, respectively, for neighborhoods with low complexity. In particular, calculation of block values as close to each other is thought to be caused by the inclusion of boundaries of some blocks, which are not present on the ground in places newly opened to settlement, because this dataset was produced from the plan data. This situation is interpreted to mean that the city will also have a high level of complexity in the future.
The independent samples t-test was used to decide which variables to use in the regression model that would be created both to measure the clustering success and determine the cluster profile and to reveal the relationship between urban geometry and land prices. In the two-step cluster test, the averages of variable values of building FD, block FD, street FD, land price (min), land price (max), land price (mean), land price (median), and distance from city center were different at a confidence level of 99%. According to hypothesis H 0 , the population variable was observed not to have a significant effect on clustering. These results are in line with a study carried out by Shen (2007) in the United States [17] . The fact that the population parameter, which plays a significant role in urbanization, has no significant effect on FD values suggests that it was caused by calculating the fractal values in two dimensions in both studies. There is vertical urbanization in high-density cities with an irregular urban form. Therefore, in order to reveal this relationship, it might be useful to perform three-dimensional fractal analysis studies in the future. Nowadays, performing these studies and reaching the correct results are not so easy. However, in the coming years, the relationship between population and fractal analysis can be better analyzed with the widespread use of three-dimensional cadastral supported urban models.
Based on the results of the independent samples t-test, the fractal value variables of buildings, blocks, and streets and the average land price variable were used in the regression model. Since the average land price is the most representative value, other land prices were not included in the model. In order to establish the regression model, the normalized average land price was selected as the dependent variable, and the distance to the city center, building, block, and street FD values were selected as the independent variables, and whether there was a high correlation between them was checked by the multicollinearity test. Since the VIF values of variables were less than 10, there is no multicollinearity among them. However, the DW score was located in the inconclusive region for three regressors. In order to surmount the problem, the distance to the city center was excluded and intercorrelated variables were determined by exploratory factor analysis. As a result of the analysis, the FD variables of building, block, and street were divided into two groups; the first two variables were grouped together, and the street variable was in the second group, factor 2. Contrary to expectations, by locating the street and block FD variables in the same cluster, street was the only member of the second group. This outcome is considered to be due to topological reasons. Because buildings are contained by blocks, it was interpreted that the correlation between the two might be higher than the street FD. Furthermore, street midlines are used as street data and do not include any street width information. Therefore, some gaps that are not in the urban form may occur and inaccurate results may be obtained by using the grid method.
The F test results indicated that at least one of the independent variables had a significant effect on the dependent variable. Therefore, there is a relationship between land prices and factor scores belonging to the FD values of urban form physical components. While the model was established by the two factor scores, other alternatives, including autocorrelation among the variables, were ignored.
As a result of the regression model, it was calculated that 61% of the change in land prices can be explained by the factor scores of the FD values. According to the model results, while there is a direct proportion between the factor scores of building and block FD and land prices at a 99% confidence level, there is an inverse proportion between the factor scores of street fractal values and land prices at a 99% confidence level. Based on the FD clustering values presented in Table 1 , the geometry of buildings and blocks has high complexity, while streets have low complexity. Regression Equation (5) supports this relationship, and it can be interpreted to mean that the complexity level increases land prices. Although some neighborhoods have higher land prices, such as Mevlana, Yenisehir, and Akdegirmen, which contain large open spaces, their block and building FD values are under the mean FD clustering values. The reason for this is considered to be the exclusion of some parameters that have an important impact on urbanization, such as land use, accommodation preferences, socioeconomic factors, etc.
The aim of this paper was to determine the relationship between land prices and urban geometry. Promising results were obtained from the created model. However, in further studies, the author intends to enhance the model by inserting different parameters in order to further improve the model accuracy.
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